P rostate cancer is the most commonly diagnosed noncutaneous malignancy and the third leading cause of cancer-related death in Canadian men. 1 Screening based on serum prostate-specific antigen (PSA) has been used with the aim of detecting prostate cancer at an early stage, thus increasing the likelihood of successful treatment. 2 However, clinical practice guidelines recently published by the United States Preventive Services Task Force 3 and the Canadian Task Force on Preventive Health Care 4 have recommended against routine PSA screening, partly because of the risk of overdiagnosis and overtreatment of clinically indolent disease. Other groups, such as the American College of Physicians, 5 have recommended a shared decision-making approach between patients and clinicians, recognizing the limitations and possible harms of screening.
Low-grade (Gleason score 6) prostate cancer is associated with a small chance of cancerrelated death. 6 Since the introduction of PSA screening, low-grade tumours have constituted about 40% to 50% of newly diagnosed prostate cancers. 7 The widespread diagnosis of low-grade prostate cancer has led to concerns that these patients are overtreated. [3] [4] [5] In recent years, however, active surveillance has emerged as an alternative management strategy for men with lowgrade disease. 8 Active surveillance consists of close observation via a regimen of periodic PSA measurements, digital rectal examinations and serial prostate biopsies, with the goal of offering curative therapy in the event of disease progression or reclassification. Evidence suggests that active surveillance for low-grade prostate cancer is a safe and feasible management option that is well tolerated by patients 9, 10 and does not substantially compromise oncologic outcomes. 11, 12 Although a variety of selection criteria for active surveillance exist, most patients with a diagnosis of low-grade (Gleason score 6) cancer may be candidates. 13, 14 Current Cancer Care Ontario guidelines list active surveillance as the preferred management strategy for "low-risk (Gleason score ≤ 6) localized prostate cancer." 15 Data substantiating the actual use of active surveillance in clinical practice are limited, however, and to our knowledge no such data exist from a Canadian setting.
Our primary objective was to determine the proportion of men with low-grade (Gleason score 6) prostate cancer receiving active surveillance as initial management. Our secondary objectives were to characterize the factors associated with immediate treatment and those associated with treatment after a period of active surveillance. We also sought to characterize pathologic outcomes in men with low-grade prostate cancer who underwent radical prostatectomy instead of active surveillance, to determine whether men are being appropriately selected for treatment.
Methods
We performed this retrospective cohort study at a regional prostate cancer diagnostic centre located within The Ottawa Hospital in Ottawa, Ontario. The study was approved by the Ottawa Health Science Network Research Ethics Board.
Clinical setting
We reviewed the records of a consecutive cohort of men referred to the Ottawa regional Prostate Cancer Assessment Clinic from Apr. 1, 2008 1, , to Jan. 31, 2013 . This referral centre can be accessed by any physician in the Champlain Local Health Integration Network, which serves a population of about 1.2 million. 16 Referrals to the clinic can be made for assessment of abnormal PSA results, abnormal rectal examination findings or both. These measures represent subjective assessments of risk; as such, the thresholds for referral vary among primary care practitioners. All referrals to the clinic are pro spectively entered into a database containing demographic, diagnostic and treatment information. The basic information in this database was used to generate a cohort of patients who, after referral to this clinic, underwent prostate biopsy and were given a diagnosis of lowgrade (Gleason score 6) prostate cancer. The decision to proceed with biopsy was made jointly by the assessing physician and the patient, with consideration of multiple clinical factors, including PSA level, patient age, PSA change over time and family history of prostate cancer.
Data abstraction
For all patients identified as having low-grade prostate cancer on the basis of biopsy results recorded in the database, manual chart review was used to verify the database information and to collect additional information. Patient and tumour characteristics that were collected included age, medical comorbidities, family history of prostate cancer, clinical stage of cancer at diagnosis, and pathologic details of prostate biopsy and prostatectomy specimens. Expert genitourinary pathologists practising at our centre interpreted all of the specimens. Three researchers (O.C., J.M., A.S.) performed the chart review, using a standardized abstraction template with prespecified fields and definitions. The senior abstractor (O.C.) examined a random subsample of records abstracted by the others to ensure consistency of data abstraction. Disagreements were discussed and resolved through consensus (which also involved R.H.B.).
Definitions
Active surveillance was defined a priori as monitoring by means of PSA, digital rectal examinaton and repeat biopsies, with the potential for curativeintent treatment in the event of disease progression. Watchful waiting was defined as a decision to forgo treatments with curative intent and to provide palliative treatments only in the event that the patient experienced symptom progression. The senior data abstractor reviewed all cases classified as watchful waiting to ensure that the documentation in the medical record met these criteria. Loss to follow-up, a decision to forgo treatment (watchful waiting) or a decision to delay treatment for other reasons was not considered active surveillance.
Follow-up and outcomes
For the active surveillance cohort, the time spent on active surveillance, the reasons for leaving active surveillance and the final pathologic results (for patients who eventually underwent radical prostatectomy) were abstracted from the medical records. Follow-up protocols for active surveillance varied among clinicians and patients, but generally consisted of PSA testing and rectal examination every 3 to 6 months. Patients usually underwent a second prostate biopsy within 1 year of the initial diagnosis and subsequent serial biopsies every 2 to 4 years, as well as for-cause biopsies as clinically indicated. Patients were considered lost to follow-up if more than 12 months had elapsed between their most recent follow-up visit and the time of data collection. Extraction of follow-up data was completed between July and October 2014.
The primary outcome was the proportion of patients with low-grade (Gleason score 6) prostate cancer whose disease was initially managed with active surveillance. Secondary outcomes were pathologic results for patients treated with immediate radical prostatectomy, the proportion of patients who received treatment after a period of active surveillance, the reasons for leaving active surveillance and the final pathologic results for patients treated with radical prostatectomy after a period of surveillance. 
Statistical analysis

Results
During the study period, 477 patients were evalu ated and received a diagnosis of low-grade (Gleason score 6) prostate cancer. A total of 210 patients (44.0%) were managed with active surveillance, whereas 244 (51.2%) received immediate treatment (Figure 1) . Eighteen of the patients (3.8%) were followed with watchful waiting, 3 (0.6%) were lost to follow-up before a management decision, and 2 (0.4%) remained undecided about management approach at the time of data extraction. Baseline characteristics are summarized in Table 1 .
Trends in active surveillance and predictors of immediate treatment
The proportion of patients managed with active surveillance increased from 32% ( that palpable tumours on digital rectal examination, PSA density greater than 0.2 ng/mL 2 , more than 2 positive biopsy cores and more than 50% cancer in any biopsy core were associated with immediate therapy; age older than 70 years, higher score on the Charlson comorbidity index and later year of biopsy were associated with active surveillance (Figure 2 ). All of these variables, with the exception of more than 50% cancer in any biopsy core, remained independently associated with management choice on multivariable analysis (Figure 3) . Neither family history of prostate cancer nor serum PSA levels were significantly associated with the decision to manage with active surveillance.
Pathologic outcomes for men undergoing immediate radical prostatectomy
Of the 244 patients who received immediate treatment, 173 (70.9%) underwent radical prostatectomy, 69 (28.3%) underwent radiation therapy, and 2 (0.8%) underwent high-intensity focused ultrasound. Of the 173 men who underwent radical prostatectomy, 103 (59.5%) had upgrading to Gleason score of 7 or higher or reclassification to pathologic tumour stage 3 (i.e., pT3) on final pathologic examination.
Experience of men on active surveillance
Of the 210 patients who chose active surveillance, 62 (29.5%) eventually received treatment: 22 (35%) were treated with radiation and 40 (65%) underwent radical prostatectomy. The median time from initial diagnosis to treatment was 1.3 (interquartile range [IQR] 0.9-1.8) years. Reasons for leaving active surveillance were reclassification to a higher risk state because of upgrading on repeat biopsy for 52 patients (84%), patient preference or anxiety for 7 patients (11%), a rapidly rising PSA for 2 patients (3%) and increased number of biopsy cores containing cancer in 1 patient (2%). Of the 22 patients treated with radiation, 21 had a Gleason score of 7 or higher and 1 had a Gleason score of 6 on pretreatment biopsy. At 5-year follow-up, the estimated proportion of patients remaining on active surveillance was 59% (95% confidence interval 49%-68%) (Figure 4 undergone 1 or more repeat biopsies, and 54 (25.7%) had undergone 2 or more biopsies. Twelve patients (5.7%) were lost to follow-up, and 2 patients (1.0%) died while on active surveillance, from unrelated causes.
RR (95% CI) Variable
Pathologic outcomes for men with radical prostatectomy after active surveillance Forty of the 62 patients who received treatment after a period of active surveillance underwent radical prostatectomy. Of these, 35 (88%) had an ultimate diagnosis of Gleason score 7 or higher cancer on final pathologic evaluation.
Interpretation
As of 2011, active surveillance became the most common management strategy for men with lowgrade prostate cancer at the Canadian regional diagnostic centre where this study was performed. Among the patients whose disease was managed with active surveillance, reasons for eventual treatment seemed to be based on a change in cancer characteristics and were rarely due solely to the patient's or physician's choice. These findings represent a substantial paradigm shift in the management of low-grade prostate cancer and may represent an important reduction in the potential harm associated with overtreatment of screeningdetected cancers.
In contrast to those who received active surveillance, patients who received immediate treatment in our region had clinical characteristics that are associated with more aggressive disease, such as higher PSA density, palpable tumours in the prostate and greater extent of tumour in prostate biopsy specimens. 17, 18 Indeed, most of the patients who underwent radical prostatectomy had upgrading or upstaging of their diagnosis when the prostatectomy specimen was examined. These data suggest that although active surveillance was commonly chosen, there was judicious use of definitive treatment for patients with an initial diagnosis of low-grade disease. During the study period, 75 men underwent radical prostatectomy, either immediately upon diagnosis or after a period of surveillance, for what was ultimately determined to be localized lowgrade (Gleason score 6) disease on postprostatectomy pathologic examination. All of these patients may have received treatment for indolent disease. In addition, we do not have accur ate pathologic characterization for a separate group of 72 individuals who underwent nonsurgical treatment based upon biopsy with a Gleason score of 6. If we assume that all of the nonsurgical patients had low-grade disease, the upper limit on overtreatment of low-grade prostate cancer was 147 (30.8%) of the 477 patients.
Published data describing the proportion of low-risk patients with management by active surveillance are limited. Population-based data available from the US for patients treated between 2006 and 2009 showed no active treatment for 19.9% of men with low-risk disease. 19 More contemporary cohorts from the US, Germany and Aus tralia had surveillance rates of 19.4% to 39.0% for low-risk patients. 20, 21 Even in these studies, the true use of active surveillance may have been overestimated, as this specific management approach was not always differentiated from other forms of conservative management, such as watchful waiting. 19, 21 Regardless, it appears that active surveillance was used more frequently in our Canadian regional diagnostic centre than in other countries.
Consistent with other active surveillance cohorts, 12, 20, [22] [23] [24] the majority of patients in this study remained on active surveillance during follow-up. In accordance with our results, some series have reported reclassification to highergrade cancer on repeat biopsy as the main reason for initiation of treatment after a period of active surveillance. 23, 24 Studies of other active surveillance cohorts, however, reported PSA doubling time as the most common indication for treatment, followed by reclassification to higher Gleason score. 25, 26 The difference in these latter series may, in part, reflect a longer follow-up time as well as a difference in the make-up of the active surveillance cohorts, with a proportion (< 20%) consisting of patients with intermediate-risk prostate cancer. In keeping with all of these studies, our results reinforce the concept that patient preference or anxiety does not appear to be the major factor driving progression to treatment. [23] [24] [25] [26] In the 
% of patients
Time from initial diagnosis, yr Canadian context, it seems that active surveillance is a feasible management approach that patients and physicians are willing to accept.
Limitations
This study had several limitations. The generalizability of the results may be limited, given that the data represent the experience of patients referred to a regional diagnostic centre, and practice patterns in other health networks may be different. Followup for this cohort was relatively short, and more patients in the active surveillance group would receive treatment with longer follow-up. Furthermore, we were unable to accurately characterize the true tumour grade and stage of patients who did not undergo radical prostatectomy. Finally, the pathologists who interpreted the prostatectomy specimens were not blinded to the patients' clinical history, and this lack of blinding may have biased the pathologic assessments.
Conclusion
Active surveillance has become the most commonly chosen management strategy for men with a diagnosis of low-grade prostate cancer in our regional diagnostic centre, regardless of PSA or clinical stage. Of the patients treated with immediate surgical therapy, final pathologic exam ination showed that most had intermediate-or high-risk disease. Our data suggest a growing uncoupling between the diagnosis of low-grade prostate cancer and immediate treatment. Although the cause of this trend is unknown, potential reasons include better knowledge of the natural history of low-grade prostate cancer and improved shared decisionmaking between clin icians and their patients.
